gardless of the liner worn..
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ABSTRACT

Mlhtary subjects partrcrpated in a study to evaluate four glove ]1ners worn beneath
chemical protective gloves, with regard to sweating of the hands, manual dexterlty7 '
performance, and perceived comfort in a moderate thermal environment. Although
there was a trend for subjects wearing the standard Army linerto experience the lowest
_sweat rate, the liner effect was not significant due to individual variation. No liner~ =~ -
- differénces were found for manual dexterity performance, hand skin temperature;
. perceived temperature, and thermal comfort. Differences by liner were found for tactile
. descriptors used to assess liner comfort. Skin temperature, perceived temperature and .
. percerved thermal discomfort increased over the duration of the two-hour test re-_ L

- .~ Occupational skin diseases account for two-thirds of

. all job-related diseases; and seven out of ten industrial
S claims pald by insurance cornpames are for temporary
S -drsablhty resulting from dermatitis [11]. ‘Chemicals are
—v'the most frequent cause of déermatitis [11]. Because a
i ' -_worker s hands are so vulnerable, industrial hygienists
. “have relied on gloves s a preventive ineasure to limit
-+ ’dermal contact with- hazardous materials. Yet gloves
© - designed to provide chemical protectlon tend to be hot
AN and to'reduce dexterity: :

ST S. ‘Army has found that hand sweatmg whrle
v wearmg ¢hemical protectlve gloves is a problem in
;= terms of performanoe comfort, and hand maceration.
' ate. the problem light weight, stretchable,
se_am sutched, cotton gloves are routmely worn

lopry it and Engmeenng Center and has been as-
418 1n'the series of papers approved for publication,

ted 1 National Mesting of the Association of
tiles and Clothing; Houston;, Texas, October

- rubber glove [13].

' plaoement of the 'eﬁr_rent_‘Army glove liner is under

consideration; this study was designed to evaluate four
selected glove liners worn beneath CB protective gloves
with regard to their differential effects on hand sweat-
ing; manual ‘dexterity performance, and perceived:
comfort in a moderate thermal environment.

The objectives of the research were to ‘determine

‘sweat rate and skin temperature of the nondominant

hand; manual dexterity performance; perceived hand'
temperature, thermal comfort, and liner comfort; and
moisture take-up of the test glove liners.

The following glove liners were selected for evalu-
ation: the current standard 100% cotton, seam-stitched
Arniy liner [14],74 100% cotton seam-stitched liner
adopted by the Air Force for use with the 7-mil and:
14-mil CB gloves'[1]; a 100% cotton string-knit can-:
didate tiner; and a 50% cotton/50% acrylic string-knit
candidate liner. Physical characteristics of the glove -
liners are given in Table I. The two candidate liners
were produced by a manufacturer to be as similar as

. possible while differing in fiber content. Each glove

liner was worn beneath the 14-mil CB protective butyl _
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TaBLE L. Physical c’haracteﬁstics-'ofg]ove liners.; . -

Candidate I - " 'Candidate 2

_ _ Army - " Air Force . cotton liner” " - cotton/acrylic liner -
Fiber content . : 100% cotton . .. 100% cotton F00% cotton - - - - . *50% cotton
T a ; 50% acrylic
Weight, g/m? " 1356 © 2069 . Co 352.7 : - 3255
. Thickness, mm ° F 002 . 0.04 i 0.06 : £ X0
r .- 7 Yamcount . 18/1 U .7 T 14/1 1471
K .- Fabric structure ’ plain knit  rib knit -+ plain knit . ‘plain knit
; : Wales per millimieter - 71i.2 . 9144 ’ . 381 :
; CourseSpermﬂllmeter . 660 - . S L ARRIRD" & ¥ AL S 437
Length® . . 20015 . 34874 a0 vt - 25908 7 S 26137
g

® Measured in millimeters from the tip of the middle ﬁnger o the IoWer edge when the gloves are flat and unstretched;

.EXPERIMENTAL DESIGN AND SAMPLE

Arepeated Measures Latm square de51gn was used R N T
Subjects were studied in pairs for the 32 sessions con- ST
stituting the study. Slxteen sessions were conducted in. - T
the morning and again in the aﬁernoon AlI glove hners-' R
were tested an; equal number of times in the morning
and in the afternoon Each sub}ect partlczpated in four:
2-hour test sessions’ (two morning and twoafternoon)y:

_while wearing each ‘of the glove liriers; Sub]ects were
randomly assigned toa partner for each test. sessmn e
* AlL four glove liners were worn every. test day. A'se
quence for wearing: the liriers was: deveioped 10 coun¥ e
terbalance the: poten‘ual carry—over effeet of glove hner ST
. order.

Sixteen male mihtary volunteers rangmg i age from S
18 to 25 years (mean = 21.1 years) participated assub- "
jects. All subjects were enhsted Army personnel as-
signed on temporary duty o the Natick Test Sub_]ect'
Platoon at the U '-"'Army Natick Research, Develop-'.

- ment and’ Engmeermg Center All subjects were ins |
formed of the nature duratlon purpose and beneﬁts

- of the expenment and each’ 81gned an mformed con-_

-sefit statement. AJl sub_]ects wore battie dress uniforms

(BDUsy consrstmg of matchmg camouﬁage—patterned :
cotton/nylon twill shirt and trousers and laced mildew
resistant. leather combat boots. Since CB gloves are
generally worn with chemlcal protective clothing, sub-
jects wore 4 chemlcal protectlve jacket over their BDUs .
(see Flgure 1): The coat cousrsted ofa Quarpel® cotton
and nylor twﬂl outer sheIl and a lammated fabnc

. lmmg o -

.. FIGURE 1. BDU and chemical. protective jacket.

Development and Engineering Center. Ambient room’ o
temperatures. ranged - from. 22. 2°C t0.29, 7°C with-a. .’
mean temperature of 26.1°C. :

Skin temperature was. measured w1th a YSI 709B FE
thermistor attached with adhesive 'tape to the palmar _ K
surface of the nondominant hand. A General Bastern. ..
System 1100 dew point hygrometer was-used: to mea-. :
sure amblent room temperature and dew _poin of :

TEST F ACILITIES

Testmg was conducted in the Sensory Analysw Psy—-_=' . Sirip TECOrC
: chophysrology - Laboratory; Science -and. Advanced. i
~ Techinology Directorate; :U.S:-._;Arm;_r.- Netiek '_Resea_r'ch-,' o
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utes. The conversion of dew pomt 10: sweat rate was

calculated using Equatlon 1 as glven by Brengelmann
el al. [6] :
S TTTART
- where’ SRR
SR = sweat rate, - o
M = molecular weight of water,
~ A =1.13 cm? (area under the sweat capsule),
R = universal Bas constant (62.358 mm Hg-liters/
.. mole);

ST szO partial - pressure of water in the sample gas.

leavmg the capsule and was determined by
- dew point, s
F 3600 cm®/s (ﬂow rate), and
T—-temperature in Kelvms of air entering the
. capsule.

' Pefceptic)n of hand temperature was assessed for

o each hand using the classic ASHRAE [3] seven-point

- rating scaie with one md1cat1ng cold and seven indi-

o cating hot. Thermal comfort was also assessed for each

hand using a seven-point rating'scale, with one indi-
“cating extremely comfortable and seven indicating ex-

" “tremely uncomfortable. The baliots were completed at

fifteen-minute intervals throughout the experiment.
Assessment of clothing comfort is a complex subject
- since clothing comfort is related to physical, psycho-
fogical, and physiological factors as well as to the in-
feractions between these factors. There is general
agreement that the movements of heat, moisture, and
air through both fabrics and garments are major factors
in-clothing comfort. Most agree that discomfort is
caused by liquid sweat remaining on the skin [7]. Hol-
_ lies [9]concluded that “comfort acceptance of garments
" next to the skin is in some way related to the ability of
.~ these garments to remove sweat from the skin-garment
~ interface.” DeMartino et al. [7] noted that ideal cloth-
~- ing that touches the skin should be able to transport

o liquid ‘water without feeling wet.- In addition to the
© maj or factors aﬁ‘ectmg moistire transport; various tac-

tile sensations are associated  with clothing comfort.
- TermSsithat have been used in the past include chngy,
G scratchy, soft, heavy; light, and picky [7, 9, 10, 12].

.« Forthis study, we asséssed the perception of wetness,
..'ﬁt and tactlle sensatlons assocnated w1th the liners usmg

hand: The liners were similarly cut after a bead of glue- a

TEXTILE RESEARCH JOURNAL.

For each of the words fisted below, please write the number which
best describes how you perceive the feel of the glove finers you
are wearing today. :

USE THE SCALE: 1 = Extremely, 2 = Mostly, 3 = Stightly, 4 = Not
at all (according to the intensity of your feeling). . . !

SNUG {right or close in fit}

HEAVY {in terms of weight of the finer}
STIFF - {resistant to bending)
STICKY {moist and adheres o skin)
CLAMMY {cold, moist, clinging to touch)
DAMP {moistness or wetness)
ROUGH (not smooth, coarse) -

SCRATCHY (irritating, itchy)

" FIGURE 2. Liner comfort instrument.

ception of the overall comfort of the liners, with one
indicating extremely comfortable and seven indicating
extremely uncomfortable.

A battery. of tests was assembled as an mdex of man-
ual dexterity performance, including the Purdue peg-
board one-hand test, the Purdue pegboard assembly -
test, the Minnesota rate of manipulation one-hand
turning and placing test; and the O’Connor finger dex- -
terity test [15, 5, 8]. These tasks were administered, in-
the order indicated, at the begmnmg and agam at thc .
end of every test session.

Glove weights were taken; to the nearest O 1 g, ona
Sartorius electronic: precision - top-loading balance,
model 1403MP7-2, both immediately before and after
each test session,

TEST PROTOCOL o :

A glove-fit and manual dexterity training session was

- held before the test sessions. Each subject was fitted for

a pair of appropriately sized 14-1;'11'1 butyl CB protective
gloves. The CB glove for each subject’s nondominant™
hand was marked for the sweat capsule placement while

‘the subject wore the glove. Five hand-dimension mea-

surements, including hand; palm and thumb, crotch
length, and hand breadth and circumference, were also
made on the right hand of each subject while the subject
was bare-handed. These measurements were subse-
quently used to choose each subject’s standard Army
liner to ensure the best fit possible. During the training
sessions, the directions for each task were read and the
procedure demonstrated by an investigator before the-
subject was given four test trials. Subjects completed
two trials bare-handed and two trials while wearing
their issued CB gloves with a nontest linér.

A hole 19 mm in diameter was subsequently cut for
the sweat capsule in the CB glove for the nondominant
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40+/—3% RH for 24 hours preceding the test session.

liners and the CB gloves (and a paper towel) were seaied'
in individual plastic bags and weighed. '

secured, the two-hour test session began.
“ception and thermal comfort ballots during the test.
psychomotor tasks, subjects were encouraged 16 par-'
games, such as Trivial Pursuit and Risk.

connected. The butyl gloves were removed and plaeed
in their original plastic bag. The glove liners’ WETE TE-
moved and placed in’ their ongmal ‘plastic’ bag The
hand was wiped with paper towelitig, which was then
placed in the bag with the CB gloves. Both bags Were
sealed and ‘weighed. The CB gloves were cleaned and
prepared for the next day 5 testzng TR

was applied around the marked opentng to prevent
raveling. The liners were conditioned at 20+/—2°C and’

Temperature and humidity conditions deviated from' _
standard conditioning levels because a textile condi-
tioning chamber was not available at the time of the . . -
experiment. Immediately before each test session, the -

At the beginning of each test session, subjeets'
donned, zipped; and snapped an appropriately sized -
chemical protective jacket over their BDUs. The liners
were donned and evaluated for fit. The sweat capsule -
and skin temperature thermistor were affixed to the -
palmar surface of the nondominant hand (Figure 3). -

-Once the CB gloves were donned and the sweat capsule -

Subjects completed eight sets of temperature per-: LR
During the time between performmg the two sets of
ticipate in" various nonphysical, - mmd—challenglng .

At the end of the test session, the probes were: dls—"
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- Swest
Capsute

Skin .
Temperat;re
Thermistor

 FIGURE 3. Placement of sweat capsuIe and -
skin temperature thermistor.

Results and Dlscussmn
SWEAT RATE AND SKIN TEMPERATURE

Sweat rate for the subjects ranged from 0. 520065

; mg/cmz/mln Flgure 4 presents the sweat rate data at': j"

Jects to ‘have the lowest sweat tate while' wearing the

~staridard "Army’ 100% cotton liner and to- experietice L
the hlghest sweat rate while wearing the cotton/acryhc Lo

“blend candidate liner, but an analysis of variance in-
dlcated that there were no significant differences be-

‘tween the glove Tiners. The swedt rate data showed o .
: con51derable vamatlon both between and w1th1n lﬂdl- o

: Meclj_Sw._aat'_Rut_e (Mg femisminy. 10T




i Skin temperature ranged from 35.4°C to 36.8°C.

nalys1s ‘of variance of skin temperature indicated a

;- main- effect for time of measurement but not for the

" liner. Regardless of the glove liner worn, subjects’ skin

‘- {emperatures increased over time with no significant
dlfferences by glove lmer.

L PERCEIVED HAND TEMPERATURE AND
. THERMAL COMFORT _

o Mean percewed temperature of the mstrumented
.- hand ranged.from 4.69 to 5.94 and 4.81 to 6.0 for the
- ‘non-instrumented hand on the 7-point scale. ANOVA

-results for perceived hand temperature of the instru-

‘mented and the noninstrumented hand determined a

main effect for time but not for glove liner condition.

- Thus, subjects rated both hands warmer over time re-

- gardless of the glove liner worn. Data on the perception
. of thermal comfort wére similar to the temperature

peroeptlon data, with subjects reporting greater thermal

. discomfort as time progressed for all liner ¢onditions.
Meait p_ercelved ‘thermal comfort of the ms_trumentocl'
hand ranged from 4.13 to 5.63 and 4.06 to 5.56 for

- the non-lnstrumented hand. A main effect for time
© was significant. No significant differences were found

. 'by hand (instrumented versus non—mstrumented) for

- either perceived temperature or perceived thermal

- comfort. Thus subjects experienced a moderate sweat

- rate and skin temperature and reported moderately

-~ warm temperature and thermal discomfort sensations.

. The perceptual data were in agreement w1th the phys-

i 1olog1¢al respOnses '

A 'MANUAL DEXTERITY PERFORMANCE

Analy51s of variance mdlcated that a main effect for

- nésota; the O°Connor, and the Purdue one-hand tests.
. For these tasks, regardless of the glove liner worn, the
. ‘scores:obtained at the end of the test session were sig-
o mﬁcantly better than the scores at the beginning of the
test_ session. We had hypothe51zed that the accumula-
tion of sweat in the glove would have detrimental effects
T anual dextenty performance, and thus we ex-

' 'res at the end-of the test session. The
did ot upport-this. Several explanatlons seert

time was found for three of the Tour tasks, the Min-

> .that the AirForce liner was perceived as the least rough.

TEXTILE RESEARCH JOURNAL

. :aotoéiﬂy- enheneed manual dexterity by making it easier-
“to grip. Second, motivation may also. have played a
" role. The second set of dexterity tasks was conducted

at the end of the test session and the subjects may have
exerted more effort knowing that they would soon be
free. No glove liner effect was determined. Thus; psy-
chomotor performance did not appear to be influenced
by the type of liner worn beneath the protective glove
under the moderate env1ronmental conditions of this
expemment

PERCEIVED LINER COMFORT ¢ -
'For the first descriptor, snug, a liner effect was highly
significant (F = 7.8, p < 0.003). Examination of these
data, which dre shown in Table I, indicates that the
Air Force liner was the least snug and the standard
Army liner was reported as being the most snug. In-
deed, sub;ects frequently complamed about the snug
fitting Army liner. A main effect for liner was also found
for the second comfort descriptor, heavy (F = 5.07, p
< 0.0041, Table II). Both of the candidate liners were
percelved by the subjects as being heawer than the
standard Army and Air Force liners. :

TABLE H. Mean liner comfort votes for snug -
~ and heavy descriptors by liner,

. Candidate 2

Liner S L ) :
comfort. = Army ° Air Force- - Candidate I . cotton/acrylic
descriptor  liner liner cotton liner liner
Snug 1.98 2.91 2.12 2.08
Heavy 361 361 3.37

3.27

. No significant effects were found for the third com-
fort descriptor, stiffness. Subjects did not find any of

the liners especially stiff.
- A ballot number main effect was found for the fourth

“descriptor, stickiness; the fifth descriptor, clammy, and

the sixth descriptor, dampness. Since a liner effect was
not found, the data were collapsed over liners to de-
termine mean scores for each descriptor by ballot
number (Figure 5). Subjects reported increased stick-
iness, clamminess, and dampness over time regardless

of the liner worn. Note that there was a very similar

pattern for these three terms.

Analysis of the data for the seventh descnptor
roughness, indicated a main effect for liner (F = 4.79,
p < 0.0056) and for ballot number (F = 2.52, p -

< 0.0193). The mean scores by liner over time are

shown in ‘Fable ITI. Examination of these data indicates
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liners to be perceived as rougher than either the Army
or the Air Force liners. While there were no-significant
main effects for the eighth descriptor; scratchiness, there

liners as béing more scratchy.
main eﬁ‘ect for ballot number but not for' Imer Thus
subjects reported increased hner dlscomfort over nme

regardless of the hner worn

GLOVE WEIGHT CHANGES

given in Table IV ANOVA results indicated 4 51gn1f-
comparison showed-that: the: weight changes for the'

nificantly less than the weight change of the Air Force
_ liner. The weight_ chang_e for'the' Army liner was also

Bcllot Number

FlGURE 5 Mean wetness descnptors over t:me

There was also a trend for the two candidate gio{re :

was a tendency for the subjects to rate the two candldate s

Mean overall liner comfort séores ranged from 4 1 :

To determine moxsture take-up of the test glove lin-
ers, the liners were weighed' mnnedlately before and -
after each test, sessmn Mean’ ‘weight: differences are'.'

. timie, significant weight changes were found by" glove S

icant differénce in hner weight changes: Post-hoc Sheffe. - liner. While these data: may apipear contradictory; sev- -

Army and the 100% cottoni candidate liners were sig- -
- sweat rate with the cottori/a_c'r'ylic 'eanﬂ'jda_t'e liner. While -

o 'E"ABLE IH Mean hner comfort scores for the descriptor roughness by ballot number

51gn1ﬁcanﬂy 1ess than the welght change for the cot’mn/
acrylic candidate liner.-.

CTABLETV. Méa@ glove liner weight change (in'geams).

: - Candidate- - Candidate 2
. AirForce . I cotton - cotton/.. ©.
~ Army liner - liner liner. acrylic liner .

- Mean- SD Mean SD Mean . SD Meen_ 8D

Weight

change 5.6 - 1.8 1.3 . 30

136 7.9 92 4l

Examznatlon of the sweat rate data (ngure 3 and' T
th¢ liner weight change data’ (Table IV) shiows that while . -
swidt rate did not differ’ SIgmﬁcanﬂy by liner or over. .

eral explanations are possible: First, there wasa: shght-_
trend for subjects to experience the lowest sweat rate
while wearing the standard Army liner and the high

L _ Ballot number

_ Lfnf:'r__céndi'tib#_ SRR R S

Army liner -

Air Force liner
Candidate | cotton hner L
Candidate 2 cotton/aeryhc Imer




“this was not: statrsucally mgmﬁcant these sweat rate
and Wexght change data are in agreement. Also,
_ ”would be. valuable to repeat this experiment under
“more éxtreme environmental conditions to determine
“*if a-similar pattern could be detected and if significant
differences could. be found. Second, although the
o ': :m_ethod of measuring sweat rate based on detection of
-+ dew point has many advantages, perhaps the micro-
. climate beneath the sweat capsule may not be a true
* - representative of the hand skin surface.
.7 Finally, the characteristics of the glove liners (both
*. design and fabric) undoubtedly influenced the weight

" than the other three test liners and therefore covered

" from this part of the body also. Thus, the design of the
_“:glove was an important factor in the large weight dif-
- ferences observed. This glove also had the finest yarn

- -and the tightest fabric structure. All of these factors

. contributed to the ability of the Air Force glove liner

" to hold moisture. The standard Army liner was the

. lightest weight, the least thick; and the shortest of the

- four liners. Thus, it is reasonable for this liner to take
- ‘upand hold the least amount of moisture,

.+ The two candidate liners had the same fabric struc-

* “ture, namber of wales and courses per millimeter, yarn

" count, and glove design. They differed in fiber content

-, -and weight, with the 100% cotton candidate being

 “heavier than the cotton/acrylic blend. Therefore dif-

;" ferences observed between these two liners are hkely
~. due to fiber content

s ~ Conclusion |
i Ci+%. This s‘_tudy’Was designed to dete'rmin_e_the effects of
. four glové liners on sweating of hands, absorption of
- sweat by glove liners, manual dexterity, and perceived
‘comfort in a moderate thermal environment. Although

' Army hner to experience the lowest sweat rate, and
. ed: did:not produce- statlstlcally significant effects on

either sweat rate or manual dexterity under conditions
of th $ e_xpenment The dexterlty measures used are

S change data. The Air Force liner was notably longer

- a portion of the lower arm and was absorbing sweat

 there was a tendency for subjects wearing the standard’

5 subJects wearing. the cotton/acryhc candidate liner to
perience the hlghest sweat rate, the glove liners stud- .

" TEXTILE RESEARCH JOURNAL

's'tring'-kriit candidate liners were judged heavier than

the standard Army and Air Force seam-stitched liners.
The Air Force glove liner was also rated as the least
rough. Second, for several descriptors, comfort changed
as the experimental session progressed. Specifically, the
glove liners felt significantly more sticky, clammy, and
damp over time. These factors contributed to the sig-
nificant increase in overall discomfort during the ex-
perimental session across glove liners. From a meth-
odological perspective, it is interesting that the same
pattern emerged for these three “wetneSs"’ descriptors.
These results show that significant differences in
clothing comfort can be measured even when objective
measures of variables related to comfort, such as skin
temperature and sweat rate, do not reveal differences.
These studies were conducted under moderate envi-
ronmental conditions. We expect that future studies
of this sort, under more extreme thermal conditions,
will reveal significant differences in a wider spectrum '
of comfort measures, as well as sweat rate and behav-
1ora1 performance :
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Spin Finishes for Cotton'
HENRY H. PERKINS, JR. | ol e
, USD4, ARS Cotton Qualzty Research Station, Clemson, South Carolzna 29631 U S A;:; 3

' ABSTRACT

Cotton has an exoeptlonal natural finish, but-under adverse condmons of weathenng, v
this finish may deteriorate to the extent that processing quality is altered: Changmg'-_ D
technologies involving higher processing speeds and new spinning systems have placed = . -
increased demands on the fiber properties of alf cottons. Spin finishes could reasonably. . "
improve the processing qualities of both damaged cottons and cotions in general The
history of effective finish usage (additives) in both ginning and textile processing
cotton has béen reviewed. Cottons harvested both before and after significant weat
ermg in the Mississippi Delta, with and without added finishes, were evaluated ‘for
spinning quality. The cottons harvested before and after weathering had simil
"+ ditional fiber properties of length, strength, and micronaire; but the weathered:c
Were poorer in grade color, and trash. The processing performance of the un
cottons was superior to that of the weathered cottons. A hydrocarbon p
additive improved the processing performance of the weathered cottons
processing waste and dust generation, but did not 1mprove spmmng enid.
varn strength. :

: Sf)in finishes or producer finishes are an integréi’,f
‘required component of most synthetic fibefs. Without |
them; the fibers cannot be made into yarns on staple--

| Presented in part at the 2nd National Cotton Téx f
Myrtle Beach, South Carolina, November 1986: - = - u:i
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